Introduction
[2] Scarcity and the degradation of freshwater resources are two of the greatest problems facing societies today. The predicted negative effects of climate change on water resources further exacerbate the need for innovative and adaptive management institutions to simultaneously address current levels of stresses and to build systems that are more resilient for the future. Scholars point to different kinds of knowledge use, including technical, lay, and indigenous, as a crucial ingredient for the successful management of natural resources and adaptive capacity building [Berkes et al., 2000; Brooks et al., 2005; Dietz et al., 2003; Lemos and Agrawal, 2006; Smit et al., 2000] . In decentralized water resources management, for example, technical knowledge can inform managers and stakeholders about physical and environmental aspects of river basins as well as contribute to conflict resolution and reduce transaction costs. By enabling better-informed decisions, it can also encourage stakeholders' sense of effectiveness, participation, and ownership. Conversely, lack of knowledge can lead to shortsighted, unsustainable use of resources. And insulated use of technical knowledge can reinforce traditional patterns of technocratic decision making, undermining good governance goals. Indeed, when technical knowledge is unavailable or inaccessible and is used in an insulated manner, it can alienate stakeholders, invite demobilization, and encourage noncompliance with management decisions [Lemos, 2008] . Moreover, all types of knowledge have been theorized to be a critical resource for implementing adaptive water resources management and for building the adaptive capacity and resilience of vulnerable water systems [Pahl-Wostl, 2007] . However, there has been relatively little empirical research assessing the role of technical knowledge in water management and even less exploring how it relates to broader institutional mechanisms within the context of emerging adaptive and integrated water governance approaches. In this article, we analyze these factors within and across 18 river basin councils in Brazil.
[3] Water resources management around the world is characterized by great diversity of knowledge use and comanagement schemes. For instance, decentralization and the democratization of water management to the river-basin level have received significant attention through renewed calls for Integrated Water Resources Management (IWRM) and similar approaches [Blomquist et al., 2005] . Historically, Brazilian water agencies and decision makers in charge have relied heavily on technical knowledge to manage the country's public water resources. Engineers, cloaked in their technical expertise, have traditionally dominated and insulated decision making in the water sector, leaving little room for broader societal input [FormigaJohnsson, 2001] . However, for the past 15 years, Brazil's water resources management sector has undergone an extensive reform that includes many of the mechanisms for good governance prescribed within the IWRM paradigm. These include the creation of stakeholder-driven river basin councils (committees and consortia), the integration across policies for sustainable management, and the adoption of the river basin as the managing jurisdiction. The implementation of this paradigm to such a wide-ranging extent is what makes Brazil unique among its reform counterparts throughout the world. In the wake of Brazil's water reform, we discuss how the use of technical knowledge is changing in the context of the new management institutions and how participants in the process perceive and value its use.
[4] Since the early 1990s, over 100 river basin committees and consortia, formed by representatives from the government, organized civil society, and water users, have been created [SRH, 2006] . Their mandate includes design and implementation of basin management plans, conflict resolution, and implementation of a bulk water permit and charge system. Broadening societal participation in water management is also included [Abers, 2007; Abers et al., 2009; Brannstrom et al., 2004; Formiga-Johnsson et al., 2007] .
[5] In principle, the advantages of the use of technical knowledge in participatory and advisory councils are twofold. In material terms, knowledge can improve and facilitate decision making by supporting better-informed decisions. For example, in river basin committees, reservoir models can inform stakeholders of water availability, recharge and discharge, potential water shortages, and exposure to climate-related events such as the El Niño-Southern Oscillation (ENSO) or future climate change. In adaptive water resources management, knowledge networks can influence and enable learning that supports adaptive response as problems emerge [Olsson et al., 2004] . In normative terms, knowledge can empower participation by decision makers and increase their sense of effectiveness and inclusion, which, in turn, should encourage further participation [Lemos, 2008] . It can also democratize the production of science through the creation of arenas (such as river basin councils) where expertise can be picked apart and questioned in the context of multiple interests [Blok, 2007] (for an alternative view, see also DuPuis and Gareau [2006] ). In other words, if council members have access to technical knowledge, then they will be able not only to participate more meaningfully in decision-making negotiations but also make better informed decisions. In this context, a better understanding of the factors that shape knowledge use contributes to the growing scholarship in water management and democratization of science. This research can also inform institutional design and governance of water resources on a practical level.
[6] This article examines the factors shaping the use of technical knowledge (specifically, climate and weather forecasts, reservoir streamflow models, environmental impact assessments, hydrological models, water quality information, planning, and management studies, and early warning studies) in water resources management in Brazil. In particular, it explores their use by river basin councils created by the Brazilian reform. While the new management system might amplify the opportunity for the use of different kinds of nontechnical knowledge (practical, lay, local knowledge), this analysis is limited to technical knowledge. We examine a number of variables that influence knowledge use in the context of river basin councils' decision making (see Table 1 ). The study uses data collected through a census survey of 626 members of river basin councils across 18 river basins in different regions of Brazil. In the next sections, we discuss these factors, using both quantitative and qualitative approaches. First, we explore a few of the theoretical underpinnings that inform this analysis, including the role of science-generated knowledge in decision making and more specifically in IWRM. Second, we briefly describe Brazil's water reform and contextualize the river basin councils and their role in Brazil's new water governance. Next, we explain in further detail the empirical analysis and report our main results. We conclude with a brief summary of our main findings and a few suggestions for further research.
Technical Knowledge and Decision Making
[7] The importance and criticality of knowledge in water resources have been repeatedly recognized, both in traditional and in emerging innovative models of water management, albeit with different outcomes. In traditional water resources management, technical knowledge use often seeks to rationalize or optimize decision making and increase efficiency. Its deployment, in an insulated manner, can lead to the concentration of power in the hands of experts at the expense of other stakeholders' inputs. Indeed, rather than an unintended consequence, part of the desirability of technical knowledge can be explained precisely by its ability to insulate decision making from "irrational" actors. From a policymaker's point of view, there may be many advantages to gain from a technocratically insulated model of decision making. First, because policy tools originate in "hard" research science, therefore requiring technical expertise for their use, they can insulate policymakers from political meddling and efforts by powerful interest groups to influence policy implementation and outcomes [DuPuis and Gareau, 2006; Lemos and Oliveira, 2004] . Second, technocratic decision making is also understood as increasing legitimacy and feasibility and reducing dissent [Ezrahi, 1990; Jasanoff, 1990] . Third, technocrats believe technical insulation will decrease policies' vulnerability to criticism from nontechnical people and politicians [Steel et al., 1993] . Finally, scientific decision making may hold the promise of value-free decisions about public policy and therefore bypass the messiness of dialog and negotiation [Jamieson, 2000] . Here, many of the essential qualities people associate with science, thoroughness, objectivity, the search for truth, and rationality, to name just a few, are also the most desirable characteristics of efficient and effective policymaking sought after by policymakers [Ezrahi, 1990; Jasanoff, 1990; Lemos, 2003] . Although this model may be attractive to decision makers hoping to keep political meddling or undue influence of particular interest groups at bay, in reality, decision making is often messy and fraught with uncertainty [Kingdon, 1985; Lindblom, 1959; Stone, 1988] .
[8] Technocratic decision making, however, may defy basic precepts of democracy by limiting the number of participants and policy alternatives and by rendering technocrats unaccountable to elected officials and clients [Etzioni-Havely, 1983; Nunes and Geddes, 1987] . Indeed, when trying to gain political advantage, groups may be tempted to exaggerate or distort information when that information serves to support the interests of one group over another. In this process, information is neutral neither in terms of power relationships nor in institutional structures [Lemos, 2008] . As technical analysis becomes more prominent than other informational input (including opinions and interests of nontechnical sources), it may "squeeze out other forms of information, decision-making routines, and claims" [Healy and Ascher, 1995, p. 13] .
[9] In emerging paradigms such as IWRM and adaptive management of water systems, knowledge also figures prominently if in a less insulating format. IWRM and adaptive management many times involve devolution of decision making to the watershed scale and the inclusion of stakeholders in the decision-making process [Kemper et al., 2007; Leach et al., 2002; Medema et al., 2008] . In the case of adaptive management models, decision makers and institutions not only respond to changes as they emerge but also learn while doing it [Arvai et al., 2003] . Adaptive management mechanisms are flexible, responsive, and inclusive and use knowledge, networks, and social learning as the basis for decision making at the natural resource level. It accepts the system as dynamic and unpredictable and promotes flexible coordination among diverse stakeholders, various levels of actor-organizational networks, selforganization from the ground up, and experimentation and learning [Folke et al., 2005] . Proponents of these approaches argue that recognizing the different interests, the interwoven nature of the problems, and the dynamics and flows of information, learning, and adaptation represents a model much more aligned with the inherent complexity (both social and natural) of the water system. Indeed, in this context, knowledge is an intrinsic part of management that interactively shapes and informs decision making and, in principle, leads to better decisions. As mentioned above, knowledge use influences and is influenced by levels of participation. It may also shape deliberation and consensus formation [Elliott, 1999] and perceptions of power distribution [Lemos, 2008] . The mere creation of decentralized, stakeholder-driven councils enhances the opportunity for knowledge use and distribution in a markedly different way from traditionally centralized and insulated models of natural resource management [Brannstrom et al., 2004; Ribot, 2002] .
[10] However, both the IWRM and adaptive management literatures tend to look at knowledge as an independent variable affecting the performance of water governance approaches rather than an outcome whose nature and characteristics need explanation themselves. In effect, these studies mostly assume that knowledge is available and plays a positive role (or not) in influencing the quality of water governance. Often, knowledge, including local and indigenous knowledge, is treated as one of the factors shaping the success or failure of decentralized natural resources management [Leach et al., 2002; Lubell et al., 2002; Pahl-Wostl and Hare, 2004; Ribot, 2002] . Moreover, many of its findings are based on single case studies in which knowledge use is examined within the context of unique, placebased processes [Lemos, 2008; Olsson and Berg, 2005; Pahl-Wostl and Hare, 2004] . In this study, we look at knowledge use as the dependent variable and examine it against various aspects of the characteristics, organization, and modus operandi of river basin councils. Because we use data collected within the river basin committees themselves, we do not take into consideration broader institutions affecting knowledge use beyond the council's activities. Hence, rather than an exploration of knowledge use in water management in Brazil as a whole, this study is an examination of knowledge use within water councils.
Water Reform in Brazil
[11] As mentioned above, several characteristics of the water reform process in Brazil provide an excellent opportunity to study comparatively the institutional factors that influence both the use of technical knowledge by river basin councils and council members' perception of how it shapes decision making and relations within these councils. First, the reform is mainly regulated by a national law enacted in 1997 (Law 9,422 also know as "Water Law"). This law instituted the National Policy for Water Resources and created the National System for the Management of Water Resources and the National Water Agency (Agência Nacional de Água, ANA), which oversees the application of the law and has jurisdiction over the management of interstate rivers' watersheds. Although implementation has varied substantially between states as well as between river basins within the same state, the basic organizing framework, especially in terms of the creation of river basin councils, has followed the same model of triparty representation between public officials, water users, and representatives of organized civil society (mostly nongovernment organizations and professional associations) [Brannstrom et al., 2004] . Stakeholders are organized through both river basin committees and consortia. River basin committees are legally constituted organizations for IWRM; their responsibilities are the design and approval of river basin plans, the establishment of water quality goals, the creation and implementation of water permitting and charging mechanisms (including the establishment of priorities of how to spend revenues), and arbitration over conflicts [Abers, 2007; Abers et al., 2009] . Consortia, in turn, are not legally established but have very similar responsibilities as those of the committees although not the same range and enforcement capabilities. Committees and consortia (collectively referred to as councils in this article) generally have a presidency, a deliberative body (the plenary), and a secretariat. A few councils also have technical chambers, working groups, or both that create, organize, and-or synthesize technical knowledge to support the plenary decision making. Even fewer councils have a more robust developed structure that includes an executive agency to implement decisions at the river basin level [FormigaJohnsson et al., 2007; Lemos and Oliveira, 2004] . Figure 1 shows a map of all river basins included in the study.
[12] Second, the new legislation completely overhauled the old system, introducing mechanisms for the management of water resources more in tune with the democratization of state-society relations after the demise of the Brazilian military dictatorship in the mid-1980s. These included (with variations in regulations across different states) (1) the organization of management at the watershed level, replacing a previous system that favored municipal, state, and federal jurisdictions; (2) the creation of specific regulation to protect water resources at the watershed level; (3) the decentralization of decision making and resources; (4) the design of a new system of water concession rights; (5) the creation of different instances of public participation, especially the organization of watershed committees and State and National Water Councils; (6) the insertion of water resources management within a larger realm of environmental concerns that challenged the traditional supremacy of economic criteria in water management; and, most controversially, (7) the implementation of a user's fee system at the river basin level. These reforms, in principle, not only democratized decision making by creating stakeholder-driven watershed councils but also introduced new patterns of knowledge use with the creation of water resources management agencies and technical support groups that work with the committees [Abers, 2007; Brannstrom et al., 2004; Formiga-Johnsson et al., 2007; Lemos and Oliveira, 2004] .
[13] Third, in spite of this national framework, the structure of councils varies from state to state and even within states. They differ in size and in the allocation of seats among users, public servants, and civil society groups. In some states the minutia of council rules and procedures are regulated by law, while in others the law provides a framework within which a council may design by-laws and create technical support groups as it sees fit. Some of the design differences are in response to Brazil's enormous regional diversity in socioeconomic conditions, political cultures, natural environments, range of water uses, and institutional resources. Furthermore, a strong federal system allows state governments to modify the national model, for example, by giving priority to intermunicipal consortia over river basin committees [Brannstrom et al., 2004] . These sources of variation represent a valuable opportunity to study the factors that influence knowledge use. To select the survey sample, the river basin councils were stratified according to four characteristics: region of the country (northeast, central, southeast, and south), main water-related problem (scarcity, quality, and flooding), type of river basin (rural, urban, coastal, or combination ruralurban) , size of river basin (in square kilometers). Because councils were intentionally selected within each stratum, with preference for ones that had been previously studied by the Watermark Project since 2001, the findings are not representative and are limited to refer specifically to the sample basins. Only one committee included in the survey, the Sapucaí Mirim Grande Committee in São Paulo had not been the object of such previous qualitative research. Hence, our findings refer only to the councils examined.
Exploring Factors That Affect Knowledge Use
[15] In each council under study, all full members (membros titulares) were selected to be interviewed and substituted for by their alternates when unavailable. Thus, for each council an effective census of members (86% of members or their alternates) was interviewed. In two councils, Itajaí and CEIVAP, the members of the technical chambers were also interviewed. In addition, to interpret and complement the findings from the quantitative analysis, this study takes advantage of the extensive qualitative database collected across these river basins since 2001 by the Watermark Project.
[16] We selected one focal question from the Watermark survey to serve as the dependent variable explored in our regression models regarding reported technical knowledge and information use. From the responses, we derived five dependent variables:
[17] D1, reported use of weather forecasts;
[18] D2, reported use of climate forecasts;
[19] D3, reported use of environmental information systems, water quality information, and management planning studies;
[20] D4, reported use of models, forecasts, and disaster alert systems; and
[21] D5, reported use of all forms of technoscientific knowledge.
[22] For the independent variables, we first selected questions that we theorized could offer plausible explanations or provide some insight into the dependent variables. These included both questions that related to governance and institutional mechanisms and those that related to various demographic variables. We then removed from this list the questions that were not significantly correlated to our dependent variables at a = 0.05. Next, we clustered the remaining questions into 20 categories of questions that we qualitatively inferred to be gauging similar concepts (i.e., variables). The categories had from 1 to 9 questions gauging each of the 20 variables (see Table 1 , Appendix A).
[23] We aggregated the individual responses for our independent and dependent variables to the river basin committee and consortium level; that is, the 626 individual responses were aggregated for each basin to produce n = 18 data points characterizing "river basin water management." For questions where we were interested in a particular response (e.g., those responding yes or those responding b), the variable was coded as the proportion of committee members giving the response of interest. For questions where responses could be converted to a cardinal number (e.g., a scale from 1 to 10, age, income, etc.), we coded the variable as the mean value for the basin. For questions where we were interested in the differences among members within the committee, we calculated the entropy of the variable. We used the concept of entropy to measure the disorder or diversity among responses, that is, the range of agreement or disagreement between committee members when expressing their opinion (measured in a scale of 1 to 10) regarding different aspects of the committee functioning. Entropy is calculated as
where p i is the proportion of committee members responding i to the particular question. Entropy scales from 0, when all committee members give the same response to a question, to 1, when the responses to a question are evenly spread across the given scale. We use the level of entropy as a proxy to measure agreement and disagreement among the members of any given committee. This entropy calculation was applied to the questions regarding committee performance, how democratically the committee made decisions, for example, where one might reasonably expect responses within a committee to be similar. In this context, the entropy calculation provides a measure of "cohesiveness" within the committee, describing how much or how little committee members agree with each other and perceive the committee similarly.
[24] These three categories of variables (proportions, mean responses, and entropies) make up the set of variable types used in this analysis. Each variable was measured across 18 points for the 18 committees and consortia included in this study (for a detailed explanation of the model and aggregation of variables, see Table 2 and Appendix A). It is important to emphasize that the results spring from a data set of 18 points, a small but significant sample of the basin council population (139 for rivers under state jurisdiction in 2005). While there is disagreement over whether the data set should be larger [Maxwell, 2000] or smaller [Wampold and Freund, 1987] , a common rule-of-thumb is that the ratio data points:predictors should not be less than 10:1 [Maxwell, 2000] . By selecting for models with at most two terms, we remain at or above this ratio. We gain further confidence in the regression results by noting that our P values for the F tests of the regression models against null models are extremely low ( Table 2 ). The small number of model terms and the low P values also give us confidence that the stepwise regression is not unduly weighting random variation, another point of caution when using this technique [Menard, 2002] . However, as mentioned above, because of the small sample, findings should not be broadly generalized beyond the studied basins.
Regression Model Search
[25] We reduced the data one final time by creating regression models that pulled a single variable from each of the 20 independent variable categories (for a total of 20 independent variables) to create a "gene" and performed stepwise regressions of this set of independent variables against each dependent variable. The resulting models retained from 1 to 17 of the independent variable terms. We used a "genetic" algorithm to create many such models and selected among them to maximize the fitness function (see Appendix A for details concerning the genetic algorithm):
where j is the number of dependent variables across those that we evaluated, R j 2 is a standard measure of how much variance in the dependent variable is explained by the regression model, and n j is the number of terms in the model. This function thus selects for models with high variance explanation per model term, rather than high overall variance explanation. To further simplify our model, we built a simple genetic algorithm to find the "fittest" regression model for our study, leading to five simple expressions for our dependent variables: Answer is coded according to an assigned mean having three points (0, 0.5, 1). d Choice of obstacles: (1) distance and travel time, (2) transportation cost, (3) difficulty of travel (e.g., bad or dangerous roads), (4) lack of time, (5) difficulty in getting employer to grant time off, (6) no difficulty, and (7) other.
(Models include only terms significant at 95% confidence; numbers in parentheses represent approximate 95% confidence intervals.)
[26] Because the confidence intervals of the regression terms are relatively broad, the regression equations are more valuable as descriptive rather than predictive tools for the relationships studied across the basins. Within these levels of confidence, the model identified seven factors that influence the use of technical knowledge by river basin councils: perception of information value (PI), performance (P), understanding (U), technocratic insulation (TI), stake (S), entropy (ET), and power (PW) (for further details see Table 3 and Appendix A). We find that, first, the higher the perception among members that their decisions have relevance in terms of water resources management vis-à-vis other sectors of government and society, the higher the level of reported technical knowledge use (the PI term in D3). Second, and related to this first factor, the more committee members perceive that their actions in the committee influence decisions of the government, the higher the level of reported technical knowledge use (the P term in D5). These findings indicate that a member's perception of effectiveness may be influenced by their use of knowledge; that is, members believe either that knowledge use enhances (Table 3 ) and drawing on our knowledge of a number of the basins in the study where we carried out extensive qualitative research (i.e., Paraíba do Sul, Itajaí, Jaguaribe, and Pirapama), we find that the values make intuitive sense. In consequence, we are confident that our choice of the basin as the unit of analysis is appropriate. For example, in reference to council members' perception of institutional performance, the below-average aggregate value for Jaguaribe and average aggregate value for the other three basins are consistent with what we know to be true across the four basins. Similarly, we cross-checked the aggregate values for two other variables, access to information and access to participation, and found that they also reflected well the experience of these particular councils. the relevance of their decisions to water management and society or that their enhanced sense of effectiveness encourages them to seek technical knowledge to support their decisions.
[27] Third, and not surprisingly, use of knowledge is positively correlated with the level of understanding of the information, that is, whether science-generated knowledge is accessible to members (the U term in D1). Our survey questionnaire differentiates between information availability (whether knowledge was on hand or obtainable) and information accessibility (whether potential users were able to understand technical knowledge). According to our model, the more members understand the science, the more they report using it. Conversely, if they believe technical knowledge, even if available, is not understandable, they report low use. This suggests that knowledge, even when available to all, may introduce an element of inequity since those who understand it may have an unfair advantage in relation to those who do not. In this case, for knowledge to be usable and equitable, it needs to be not just available but also accessible.
[28] Fourth, there is a correlation between when and where decisions are made and the perceived use of technical knowledge. Specifically, the more members believe decisions are made during plenary meetings (in the questionnaire a total of 67% of the respondents reported so), the more they report technical knowledge use (the TI terms in D1 and D4). While the plenary is the official arena for collective decision making, in the context of river basin councils' negotiations, it is not uncommon for members to meet outside of and prior to plenary meetings. Such meetings can be motivated either by the need to understand technical matters that better inform plenary voting or as a maneuver from members or sectors to build and solidify their position vis-à-vis other participants. In the first case, members may tap technical chamber and-or executive board members' expertise to synthesize, elucidate, or interpret knowledge informing councils' decisions. The second case is usually perceived negatively as skewing power within the council. Thus, the more respondents think decision-making processes are inclusive of all members (made during plenary sections), the more they report using knowledge; in contrast the more they perceive the process as intermediated by small groups (decisions made by technical chambers and the executive board even before the plenary meetings), the less they report use of technical knowledge.
[29] Fifth, knowledge use is influenced by group composition. Councils with a higher number of members who are nongovernment employees (irrespective of whom they are representing in the council) tend to report higher levels of technical knowledge use (the S term in D2). This reflects the influence of civil society in broadening the agenda and discussion within the council. Whereas before the reform, issues of water quantity and quality dominated the official water resources management agenda, in the river basin councils, a much broader range of issues has been introduced (e.g., environmental education, conservation, equitable distribution of water). Councils also cover a much broader range of relationships and processes, including the interaction between water, ecosystems, and socioeconomic systems. Thus, the inclusion of civil society in the councils may have pushed new items and broader use of technical knowledge in the council deliberations, especially when compared with the less inclusionary prereform agenda.
[30] Sixth, there is a negative correlation between a measurement of entropy within the council, that is, the level of agreement or cohesiveness between members and reported knowledge use (the ET term in D2). The more members agree with each other (lower entropy) across a number of different issues (e.g., council role, effectiveness, level of democracy, and ability to resolve conflict), the higher the level of technical knowledge use reported. One explanation is that in councils where the level of conflict is low, members may be less likely to dispute technical knowledge presented to them. Another is that the use of technical knowledge may contribute to diffusing dissent and building consensus among members (not tested in our model).
[31] Finally, reported use of technical knowledge correlated negatively with the distribution of power within the committee; that is, in councils where members perceived that power was unequally distributed, higher levels of knowledge use were reported (the PW term in D5). This makes sense in the context of many committees in which knowledge is dominated by técnicos, that is, stakeholders with a technical background (as committee members, hired consultants, or members of technical chambers). It is likely that in committees where técnicos play a prominent role, the use of knowledge will be higher (since they are responsible for either producing or brokering much of the knowledge available) and power will be skewed toward those who produce and understand knowledge and away from those who do not. In the questionnaire, council members attributed to technical knowledge the largest source of inequality within councils. This is also consistent with findings from qualitative research focusing on river basin committees, which suggest, that even in the context of expanding participation and inclusion of the Brazilian water reform, técnicos can hold disproportionate levels of power in councils' decision-making processes [Abers et al., 2009; Lemos, 2008] . While this finding may appear at first glance to be in contradiction with a positive correlation between low entropy and knowledge use, it is important to distinguish entropy (the level of agreement between members) and their perception of the distribution of power between members. The fact that members agree and think alike regarding many issues within the council does not mean that they think power is equally or even equitably distributed between members. Our observations of council meetings suggest a complex relationship between water users and técnicos. Although members sometimes resent técnicos for their tight control of meeting agendas, for the most part they seek and appreciate expert support. Indeed, even if members believe técnicos carry the heavier "weight" regarding decision making, they are also appreciated and well regarded as working to improve decision making. The councils' strong reliance on technical chambers and outside experts (as consultants) to support their decisions indicates some level of trust in producers of technical knowledge [FormigaJohnsson et al., 2007] .
Conclusions
[32] Although the importance of technical knowledge in informing decision making in water resources management has been widely recognized by both scholars and practitioners, the factors influencing its use have been examined empirically relatively little. This study explores knowledge use across 18 Brazilian river basin councils based on data collected among 626 council members by the Watermark survey. Because of the small sample, our main findings refer primarily to the basins studied. We find that several factors and processes affect knowledge use across these councils. First, use of knowledge aligns well with members' perception of accessibility; that is, the more accessible knowledge is, the higher is the level of use reported. In this study, access goes beyond availability to include also understanding. Thus, knowledge should be not only available but also intelligible to be effective in informing decision making. Second, the higher the perception of effectiveness and influence among committee members, that is, whether the members believe the council to be influential and effective vis-à-vis other sectors of society, the higher the level of technical knowledge use reported. This positive relationship suggests that knowledge use is related to a belief among council members that their decisions matter for the governance of water across the council's jurisdiction. Third, the more that council members perceive most decisions as being made during plenary meetings, the higher their report of technical knowledge use. Here again, the perception that knowledge is used directly by members to make decisions at the plenary meeting rather than being filtered by experts is positively associated with higher knowledge use. Fourth, knowledge use is influenced by group composition; that is, councils with higher number of members who are not public officials report higher levels of technical knowledge use. This suggests that the inclusion of private and civil actors in the policymaking process broadens the governance agenda and the use of technical knowledge. Fifth, the level of agreement between members shapes reported knowledge use; that is, the more members that agree with each other (lower entropy) across a number of different issues (e.g., council role, effectiveness, level of democracy, and ability to resolve conflict), the more they say they use technical knowledge. Finally, councils whose members perceive power as unequally distributed report high levels of technical knowledge use.
[33] Taken together, these findings indirectly support two statements we made earlier in this article: (1) technical knowledge might contribute to make decisions easier and possibly better (at least in the eyes of council members) while (2) introducing elements of inequality to the processes of making those decisions. In the case of river basin councils in Brazil, knowledge use positively aligns with access, a more diverse and broader agenda, and higher sense of effectiveness. Yet technical knowledge use is also associated with skewed levels of power within the councils. This suggests that action to increase knowledge availability, but more especially accessibility, may be critical to increase technical knowledge usefulness in supporting improved decisions and democracy within integrative and adaptive approaches to water resources management. This research shows that technical knowledge use in water management in Brazil has changed with institutional reform. It has become more open and diverse and may have contributed to the sense of effectiveness of new actors introduced into the management process. But it has also preserved some of its more traditional role of enabling technocratic insulation (by skewing power toward technical actors) in the water sector. The picture painted here is that technical knowledge use is seldom clear-cut, and understanding its many implications is far from straightforward. Further research combining quantitative approaches with in-depth understanding of knowledge use "at the ground" is necessary to inform better institutional designs to address emerging water-related problems.
Appendix A
[34] In our algorithm, each of the 20 variable categories is considered a gene or trait; each variable within the category is an allele of this trait. A particular set of variable inputs to the stepwise regression can be thought of as a genetic sequence, and the fitness associated with this sequence is simply the resulting function F above. The genetic algorithm works in a manner analogous to natural selection:
[35] 1. Create a population of m individuals, each characterized by a randomly selected genetic sequence of 20 variables.
[36] 2. For time steps 1 to t, a. Evaluate the fitness F for each individual. b. Let the fittest fraction, f fit , of the population mate in pairs, producing children whose genetic sequence includes a random half of the traits from each parent.
c. Let these children replace the least-fit fraction f unfit of the population.
[37] 3. Let traits among the population randomly mutate to other traits at a rate z.
[38] Because the fitness function F varies relatively smoothly across the variable space, this algorithm will quickly (within 10 or 20 generations) find locally optimal F values. By performing different random initial configurations, and varying the population size m, fittest fraction f fit , and mutation rate z, the entire parameter space can be explored relatively quickly. The optimal genetic sequence is the one that consistently emerges as having the highest F across all populations. For our study, we used populations between 60 and 80 individuals, fittest fractions between 0.2 and 0.5, and mutation rates between 0.001 and 0.02. This setup consistently found the same optimal solution within 20 generations, significantly cutting the computational requirement for finding a simple manual search.
